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Dermatophytosis caused by a group of pathogenic fungi namely, 
dermatophytes, is among the most prevalent infectious diseases worldwide. 
One of the most frequently isolated pathogenic dermatophytes is 
Trichophyton rubrum. Chemical drugs are widely used in the treatment of 
dermatomycosis, but can cause various side effects to the patients and drug 
resistance to the pathogens. Hence, alternative natural compounds should be 
assessed to solve this problem. Garlic can be considered as a good 
replacement due to its high level of sulfur compounds (e.g., allicin). 
Therefore, the main objective of this study was to evaluate allicin and garlic 
extract against various isolates of T. rubrum. These studies were divided into 
three parts. The first was to confirm ten different isolates of T. rubrum which 
were obtained from the Laboratory of Medical Mycology Department in 
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Tehran University of Medical Sciences, Iran by using both conventional and 
molecular methods. The second part was to evaluate the in vitro antifungal 
activity of allicin, aqueous garlic extract, ketoconazole and fluconazole and 
the combination of these azoles drugs with allicin and aqueous garlic extract 
against these ten isolate of T. rubrum. The third objective was to see the 
effect of allicin and garlic extract to the ultrastructure of T. rubrum using 
electron microscope.   In this study, colony characterizations of all isolates of 
T. rubrum are varied and inconclusive. However the molecular study based 
on Internal Transcribed Spacer, 1 and 4 (ITS1 and 4) revealed that all the 
different isolates tested with reference from data base in Genbank (BLAST 
search) showing more than 95% similarity. In vitro antifungal study on the 
effects of allicin and aqueous garlic extract singly and in combination with 
ketoconazole and fluconazole against ten clinical isolate of T. rubrum were 
effective in inhibiting the fungal growth. The results showed that MICs for 
allicin ranged from 0.78 – 12.5 µg/ml, ketoconazole 0.25 – 8.0 µg/ml and 
fluconazole 1.0 - 32.0 µg/ml respectively. Combination of allicin or garlic 
extract with ketoconazole or fluconazole caused the synergistic or additive 
effect on dermatophytes, which may increase fungicidal effects, decrease 
toxicity, side effects and drug resistance. Besides, in vitro studies revealed 
that allicin and aqueous garlic extract alone and in combination with these 
two azoles drugs, has a good potential as antifungal drug based on the 
results of MICs (Minimal Inhibitory Concentration) and FICIs (Fractional 
Inhibitory Concentration Index). The SEM (Scanning Electron Microscopy) 
micrographs showed that allicin and garlic extract caused shrinkage, rough 
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and irregular- shaped hypha with expanded hyphal tip of T. rubrum.  The 
TEM (Transmission Electron Microscopy) micrographs revealed that allicin 
and garlic extract caused cell wall thickening, disorganization of cytoplasmic 
contents and breaking down of cell membrane and cell wall of T. rubrum.  
SEM and TEM studies proved that allicin and garlic extract possessed 
antifungal activity by inhibiting the growth of T. rubrum, and can be 
considered to treat fungal infections. This study showed that although 
different isolates exhibited different morphological characteristics but 
molecular analysis proved that they belong to the T. rubrum species. Allicin 
and garlic extracts were effective in inhibiting dermatophytes growth. In 
addition, SEM and TEM studies demonstrated that allicin and garlic extract 
possessed antifungal activity which inhibits the hyphal growth of T. rubrum. 
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Dermatophytosis adalah penyakit kulit berjangkit yang biasa di seluruh dunia 
yang disebabkan oleh kulat pathogenik yang dikenali sebagai Dermatofit. 
Salah satu dari kulat penyebab Dermatofit adalah Trichophyton rubrum. 
Dadah kimia digunakan secara meluas sebagai rawatan untuk 
dermatomikosis tetapi menyebabkan berbagai kesan sampingan ke atas 
pesakit and ketahanan dadah ke atas peaskit. Jadi sebagai alternatif, 
kompaun asli dikaji untuk menyeleasikan masalah ini. Bawang  putih  boleh 
dijadikan sebagai alternatif disebabkan oleh kandungan sulfur yang tinggi 
(seperti allicin). Jadi, objektif utama kajian ini adalah untuk menilai allicin 
and ekstrak bawang putih ke atas isolat T. rubrum. Kajian in terbahagi 
kepada tiga bahagian. Bahagian pertama adalah untuk pengecaman sepuluh 
vi 
 
isolat klinikal T. rubrum yang diperolehi dari Jabatan Perubatan Mikologi, 
Universiti Perubatan Tehran, Iran dengan menggunakan kaedah Konvesional 
dan molekular. Bahagian kedua adalah untuk menentukan  kombinasi yang 
terbaik antara  kumpulan azole dengan allicin (Alexis– Biochemicals Co, 
USA), dan Ekstrak Akueus bawang putih sebagai bahan antikulat. Bahagian 
ketiga untuk melihat kesan allicin dan Ekstrak Akueus bawang putih ke atas 
struktur ultra T. rubrum  menggunakan mikroskop electron. Kajian ini 
mendapati kaedah konventional untuk pengesahan spesies dermatofit  
bergantung kepada perbezaan fenotip adalah tidak konklusif. Pendekatan 
kaedah molekular berdasarkan “Internal Transcribed Spacer” 1 dan 4 (ITS1  
dan 4) menunjukkan keseluruhan isolat berbeza yang diuji dan dibandingkan 
dengan isolat rujukan dari pengkalan data “Genbank” (carian BLAST) 
menunjukkan persamaan melebihi 95%. Kajian antikulat secara in vitro  
kesan allicin dan Ekstrak Akueus bawang putih  secara bersendirian atau 
digabungkan dengan ketonazole dan fluconazole terhadap 10 isolat klinikal 
T. rubrum  adalah berkesan menghambat pertumbuhan kulat tersebut. 
Keputusan kajian mendapati MICs untuk allicin masing masing berjulat 
antara 0.78-12.5 µg/ml, ketoconazole 0.25-8.0 µg/ml dan fluconazole 1.0-
32.0 µg/ml.  Kombinasi allicin atau Ekstrak Akueus bawang putih dengan 
ketoconazole atau fluconazole menghasilkan kesan synergistik atau kesan 
penambahan terhadap dermatofit, seterusnya berkemungkin meningkatkan 
kesan antikulat, mengurangkan toksisiti, kesan sampingan dan kesan 
kerintangan terhadap bahan antikulat. Kajian in vitro  juga menunjukkan 
allicin dan Ekstrak Akueus bawang putih secara bersendirian atau 
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digabungkan dengan dua bahan antikulat kumpulan azol berpotensi sebagai 
bahan antikulat  berdasarkan keputusan MICs (Minimal Inhibitory 
Concentration) dan FICIs (Fractional Inhibitory Concentration Index). Analisis 
mikrofotograf menggunakan SEM (Scanning Electron Microscopy) 
menunjukkan allicin dan Ekstrak Akueus bawang putih  menyebabkan hifa T. 
rubrum mengecut, permukaan hifa kasar, pertumbuhan hifa tidak menentu 
dan terdapat benjolan pada hujung hifa. Gambar mikrofotografi TEM 
(Transmission Electron Microscopy)  menunjukkan allicin dan Ekstrak Akueus 
bawang putih  menyebabkan dinding hifa menebal, kandungan sitoplasmik 
berkecelaru, membran sel dan dinding sel mereput. Kajian mikrofotograf 
menggunan SEM dan TEM membuktikan allicin dn Ekstrak Akueus bawang 
putih mengandungi bahan antikulat dan boleh dipertimbangkan untuk 
rawatan jangkitan kulat. Kajian ini membuktikan walaupun T. rubrum dari 
isolat yang berbeza dan memberikan ciri-ciri morfologi yang berbeza, tetapi 
kajian molekular membuktikan ia adalah dari spesies T. rubrum yang sama. 
Allicin dan ekstrak bawang putih sangat berkesan untuk menghalang 
pertumbuhan dermatofit. Kajian SEM dan TEM menunjukkan bahawa Allicin 
dan ekstrak bawang putih aktiviti antifungal dimana menghalang 
pertumbuhan hifa T. rubrum. 
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